
ELSEVIER 


Nomenclature of Isoprostanes: A Proposal 

J, Rokacb/* S. P. Kbanapure* S.-W. Hwang,* M. Adiyamon,* J. 
A. Lawson,^ and G. A. FitzGerald^ 


'Claude Pepper Institute and Department of Chemistry, Plorida 
Institute of Technology, Melbourne, FL 32901-6975 USA 

^The Center for Experimental Therapeutics, The University of 
Pennsylvania, Philadelphia, PA 19104-6084 USA 


We have proposed a nomenclature system for the isoprostanes. a new 
class of natural products formed in vivo by the free-radical peroxida¬ 
tion of polyunsaturated fatty acids. Our proposed nomenclature is 
based on the assignment of four isoprostanes, 1 , 9, 17, and 25, as rep¬ 
resentatives of the four classes of isoprostanes derived from arachidonic 
acid (AA). We have attempted as much as possible to retain elements 
from the familiar prostaglandin nomenclature. In this proposal, we 
have used the abbreviation iP for isoprostane. We have classified iso- 
prostane classes or types based on w-carbon as being the starting refer¬ 
ence. Roman numerals I-VI refer the six types of isoprostanes derived 
from eicosapentaenoic acid (EPA) and III-VI refer to the four types de¬ 
rived from AA. This nomenclature can be applied to isoprostanes de¬ 
rived from other PUFAs also. 

Keywords: Isoprostanes; nomenclature; iP; iPF^^-III; iPFj^-IV; iPF^^^-V; iPF^^^-VI 


Introduction 

Recently, there has been considerable interest in a new group of natural 
products termed isoprostanes. These isoprostanes are derived from ara- 
chidonic acid (AA) by a non-enzymatic free-radical peroxidation and are 
isomeric with the prostaglandins (PGs), a family of bioactive compounds 
formed by the action of cyclooxygenases (COXs). Isoprostanes differ from 
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OH 



PGDi 48 TXA2 49 TXBj 30 

Scheme 1. Enzymatic formation of prostanoids. 


PCs by the cis-stereochemistiy at the five-membeied ring junction as 
compared to the tran^-ring junction in all prostanoids as shown in 
Scheme 1 [see preceding article). 

The free-radical-initiated oxygenation of AA and/or its esterified 
form on phospholipids is complicated because the three carbon centers 
at 7 ((ol4), 10 (wll), and 13 |co8) are flanked by two cis double bonds. 
Radicals at carbons 7, 10, and 13 are expected to be generated and will 
lead to four types or classes of isoprostanes, III, IV, V, and VI, referred 
by us previously as Types I, II, III, and IV, (Scheme 2). The names 
indicated in parenthesis throughout the paper refer to our older no¬ 
menclature. The basis for the new proposed nomenclature classifica¬ 
tion is explained later. 

Wc have recently proposed a nomenclature for isoprostanes in an 
abbreviated form (1,2) and we are reporting here on the rationale behind 
this nomenclature and some major changes we arc proposing to adopt. For 
example, we have termed one of the major isoprostanes we identified and 
isolated from human urine, IPF 2 „-I 25 (Scheme 3). This has been made 
possible by the use of synthetic authentic material (see preceding article). 
We have also named compounds 1, 9, and 17 IPF 2 o,-IV, IPFj„'III, and 
IPF 2 aT[, respectively, of which we accomplished the first total syntheses 
(2,3). Our previous and new proposed nomenclature is based on the 
selection of four isoprostanes, 1, 9, 17, 25, as representatives of the four 
classes of isoprostanes. These four structures, as shown in Scheme 3, 
provide the basis on which all other isoprostanes are named. We have 
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Scheme 2. Formation of four types of isoprostanes. Types in parentheses refer to our oider 
ciassification. 


changed the older classification system and replaced it with a new pro¬ 
posed classification. According to the new classification, isoprostanes 1, 
9, 17, and 25 become iPFi^-III, iPFj^-IV, iPF 2 a V, and iPF 2 a-Vr, respec¬ 
tively. As much as possible, we have retained the terminology used in the 
prostaglandin nomenclature (4), 

Our proposed nomenclature covers not only isoprostanes 1, 9, 17, 25 
with the syn-anti syn stereochemistry of the substituents on the cyclo¬ 
pentane ring, but also isoprostanes with all-.syn stereochemistry, such as 
2 and 26, and isoprostanes with a trans relationship of the side chains, 


OH 

COOH 


OH OH g 

also 8-iso-PGFj„ iPF^^-IV 
(IPf,„-IV also 8 -!so-PGF 2„1 iIPFi„-in| 



iPFj,-V iPFi„-VI 

(IPFj„-II| [IPFj„-I) 


Scheme 3. 
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OH 

OH o» 

OH OH 

CDOH 



O 

X 

I 

OH 26 

OH 27 

8-,12-iso-iPF2„-ni also IZ-iso-PGFj^ 

8-,12-jiO-iPFi„-VI 

8-/50-iPFi„-VI 

(8-,]2-iso-IPF2„-IV also 12-lso-PGFj„) 

|8-,12-iso-IPFj.-I) 

(8-iso-IPF2„-l] 

Scheme 4. 




such as 27. Syn-anti-syn refers to products with the two OHs on the 
cyclopentane ring and the two cis side chains on opposite sides of the 
plane of the ring, e.g., iPFja-IH ( 8 -isO'PGF 2 „) 1 and iPEj^^-VI 25 are referred 
to as having a syn-anti-syn configuration. When the orientation of the 
side chains is cis and on the same side of the OHs, they are referred to as 
all-syn isoprostanes, e.g., 8 -, 12 -iso-iPF 2 ,„-ni | 12 -fso-PGF 2 „) 2, 8 -, 12 - 2 SO- 
iPFi^-VI 26. It is a generic sort of terminology we found useful in referring 
to the two CIS classes of isoprostanes. Until now we and others focused on 
the cfs-isoprostanes, such as iPF 2 „-III ( 8 -iso-PGF 2 oLl 1 , ^5/ 8 -, 12 - 

iso-iPFjo,-!!! | ll-fso-PGFj,,) 2 (5,6), etc. The trans products, which we 
believe will be minor products, have not yet been discovered in biological 
fluids. 


Nomenclature of Isoprostanes 

The following Schemes 5, 6 , 7, and 8 represent the 64 isoprostane isomers 
generated from AA as well as the names proposed. 

Following are the essentials of our proposed nomenclature 

Naming of Isopiostanes 

In this nomenclature, the abbreviation iP is used for isoprostane. The 
abbreviation IsoP, suggested in a recent nomenclature proposal to avoid 
confusion with the designation IP for inositol phosphates, is, to our 
opinion, too long |7) and can be confused with a change in stereochem¬ 
istry. One of the referees also discouraged us from using the IP abbrevi¬ 
ation because of the identical symbols used for the inositol phosphates 
and also due to the fact that it is being used for the prostacyclin receptor. 
We were aimmg at using the shortest possible abbreviation for isopros¬ 
tane, and we elected iP, 
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Scheme 5. Proposed nomenclature of type III isoprostanes. Names in parantheses refer to our 
previous nomenclature. 
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Scheme 6. Proposed nomenclature of type IV isoprostanes. Name in parenthesis refers to our 
older nomenclature. 
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Scheme 7. Proposed nomenclature of type V isoprostanes. Name in parenthesis refers to our 
previous nomenclature. 
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Scheme 8. Proposed nomenclature of type VI isoprpstanes. Name in parenthesis refers to our 
previous nomenclature. 
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Different Families of Isoprostanes 

The principal families of isoprostanes are designated by the letters D, E, 
and F to indicate the type of cyclopentane ring. These suffix letters are 
similar to those used in the nomenclature of prostaglandins. For example, 
the PGE-like isoprostanes are denoted as iPE (e.g., 57), and PGF-like 
isoprostanes are denoted as iPF (e.g., 1) (Scheme 9). Except for the side 
chains, which are different, the substituents on the cyclopcntane ring, 
OH, carbonyl, etc., are the same as in the corresponding PGs. 


OH ' O ^ 

A<^w^cooh A/WV'cooh 

Vn/V^'^ 


OH S6 
iPDi-IlT 

Scheme 9. 


OH OH 
iPE2-in 


57 


OH CM 1 
ii*F2<x-ni 


Also the isoprostane endoperoxides are named isoprostane G or iPG 
. and isoprostane H or iPH. We have shown in Scheme 10 two examples of 
iPGs (58 and 60) and two of iPHs (59 and 61), The list of the four groups 
of iPGs and iPHs is shown in Schemes 5-8. 



iPC2„-Vl SB iPHjo-Vl SB iP&!a-V 60 iPHj„-V SI 

Scheme 10. Nomenefature gf isgpro&tans encfoperoxicfes. 


This nomenclature system can also be applied conveniently to hither- 
to-unmentioned compounds such as A- and C-type isoprostanes, which 
can be formed by simple dehydration of iPE 2 -III 57. This is illustrated in 
Scheme 11 using iPE 2 -in 57 as an example. In the case of Type in 
isoprostanes, iPB 2 -III is the same as PGBj. 



IPAj-llI 6a IPEj-in 57 lPCj.|II & IPBi-m (POSil 64 

Scheme 11, Formalfon and nomenclature of A-, B-, and C-typs isoprostanes. 
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In addition to isoprostanes, the isothromboxanes, which have been dis¬ 
closed recently (8), can be named using an extension of the system described 
here (Scheme 12). Isothtomboxanes-A^ (iTXA^), which are presumably 
formed in vivo, will hydrolyze to yield isothromboxanes-Bj liTJ^j)- 


OH 



EB OH 

iTXAja-VI iTXAj(,.V 

Schema 12. Nomenclature of isothromboxanes. 


CCOH 

OH 66 
iTXAja-m 


Number of Double Bonds 

The subscript number indicates the number of double bonds present; 
which is also analogous to PG nomenclature. In isoprostanes of the 1 
series (iPEi, iPFi), for example 69, there is only one trans double bond in 
the side chains (Scheme 13). The isoprostanes can be formed from eico- 



iPFi„-lII iPFztr-IU 

Scheme 13. Isoprostanes with 1-3 double bonds. 



satrienoic acid, which is the precursor of the prostaglandin 1 series. 
Isoprostanes of the 2 series (iPEj, iPFa), such as 1, which are formed from 
AA, have an additional cfs-double bond, and members of the 3 scries 
(iPEa, iPFs), for example 70, derived from eicosapentaenoic acid (EPA), 
have a further cis double bond. In Scheme IS we have shown in detail the 
frec-radical'catalyzed peroxidation of EPA and the corrrespending iso¬ 
prostanes formed. 

Stereochemistry of Hydroxyl Groups 

The « (alpha) or p (beta) symbols are used to show the stereochemistry of 
the two OHs on the cyclopentane ring. The prefix a means the two 
hydroxyl groups are projected below the plane of the molecule and the 
prefix |3 means the hydroxyl groups on the cyclopentane ring are above 
the plane of the ring. In prostaglandins, a in some reports refers to the 
stereochemistry of the 9-hydroxyl group (4). However, due to the mech- 
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OH OH 



iPFia,*!!! 'JiJ-iPFza-nl iPKlU-IlI 


Scheme 14. 


anism of endoperoxide formation, the two oxygens of the endoperoxides 
are always on the same side, a or p of the plane of the cyclopentane ring; 
in the enzymatic case, e.g., PGGj, it is always a. Because of this we 
propose that the stereochemistry of the two OH groups be referred to as 
a or p. In example 1, the OHs are referred to as ct and in example 6a they 
are referred to as p. If a situation arises in which one hydroxyl is a and the 
other is p, such as in 71, the name becomes (Scheme 14). The 

a-designation takes precedent over p. 

Different Classes of Isoprostanes 

Previous classification. The four types of isoprostanes formed from AA 
and shown in Schemes 2 and 5-8 were designated in our previous papers 
by using the Roman numerals I-IV. The numeral I was assigned to Type 
1 iPs formed from the initial radical generated at position 7, the first 
radical formed counting from C-1, The radical generated at position 10 
can be trapped by oxygen at positions C-8 or C-12. The iPs arising from 
the trapping of oxygen at the C-8 position (lower number) were termed 

2 Type II and the products obtained from the trapping of oxygen at the C-12 

A- position were termed Type III. The products generated from the initial 
radical at C-13 were named Type IV iPs. 

-4' 

Proposed new classification. 

Isoprostanes from AA and EPA. Using the classification just described 
above [Counting from COOH as C-1), we ran into some problems when 
we tried to name the isoprostanes derived from linolenic acid 92, which 
is a C-18 acid with double bond at C-15, and docosahexaenoic acid, a C-22 
PUPA widely distributed in the body and especially in the brain, which 
contain 6-double bonds, the first at C-4 from the COOH group. At that 
point we realized that it made more sense to count the carbons from the 
(o-end since the biochemicad process of the PUPA synthesis is more 
consistent and introduces double bonds as co-d, a)-6, etc., irrespective of 
the fatty acid chain length. 

Scheme 15 shows the generation of six types of isoprostanes from EPA, 
illustrating the new classification. As can be seen in Scheme 15, because 
of the extra double bond in EPA, we obtain six classes of isoprostanes. 
Four of the classes are the same as the ones shown in Scheme 2 except 
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that an extra double bond at position a)3 is present. Classes I and II are the 
result oi the addition of this extra double bond. Hence compound 83 
(Scheme 16) is a member of Class I and is termed iPFg^-I and 84 is termed 
iPFsa-II. 



Scheme 15. Formatiorr of s/x types of /soprostanes from e/cosapentaenoic acid. 


864 
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Classification 

with reference 
to co-carbon 
(new classification) 


EPA 


Clafisiflcafieri 
with reference 
to COOH 
(old classification) 


OH 




Type 1 

V 


S 

COOH 

Type VI 


OH 

\ 

OH 

77 


Type II 

OH 

OH 


yTN ^GOOH 

^ ^ T'ype V 


OH 


78 




Scheme 17. Classification of isoprostane (iP) types. 


Scheme 17 shows a comparison of ips derived from AA and EPA. The 
classification system we have used previously is shown in the right-hand 
column. In that system we have been using Roman numerals I to VI., 
based on carboxylic acid as the starting point, in order to describe the six 
groups. The left-hand column shows the new proposed classification 
system. This new numbering is based on the selection of the terminal or 
to carbon of the fatty acid structures as our carbon 1 (e.g., wl, <»2, etc.). The 
abstraction of a H atom at io5 is the lowest numbered radical possible in 
this case. The trapping of this radical by oxygen at (o7, which we refer to 
as clockwise capture, (see Scheme 18) will lead to isoprostanes of Class I 
in the case of EPA. Generation of a radical at o)8, which is the next lower 
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Class V 



Counter Clockwise 



ranking radical, can be trapped by oxygen at &)6 (counter clockwise} and 
(i)10 (clockwise). Since 6)6 is the lower numbered carbon, it gets priority 
and the iPs derived from trapping of oxygen at this position are named 
Class n. The trapping by oxygen at wlO will give rise to Class III iPs in the 
case of AA and EPA. As seen in Scheme 1 7, the two Class-HI compounds 
52 and 79 do match structurally. It is also the first ranking structure of iPs 
derived from AA. Hence iPF 2 o,-III (S-iso-PGFj,,) 1, which we classified in 
our previous iP nomenclature and our publications as Group IV (1-3), will 
now become Group or Type HI. By continuing the process, the next 
radical generated will be at uil 1. Capture of oxygen counter clockwise at 
6)P (lower number) will lead to Class IV iPs, and capturing the same toll 
radical at 6)13 will lead to Class V iPs. Continuing this reasoning, we end 
up as shown in Scheme 15 with EPA-derived iPs in six classes (I-VI] and 
AA-derived iPs classified in four (IIl-VI), and all the structures are match¬ 
ing (Scheme 17). 

Using this classification it becomes easy, without actually having to go 
through the exercise of constructing the isoprostanes, to find which and 
how many classes of isoprostanes are derived from other PUFAs. We 
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know PUPA with three double bonds yields two classes of iPs, four 
double bonds lead to four classes, five double bonds yield six classes and 
six double bonds lead to eight classes, irrespective of the number of carbons 
in a PUPA. Furthermore, in the case of the laS PUPA, the classes start 
with Type I and in the case of w6 PUPA, the classes start at Type III, etc. 
Following is a list of aid and to6 PUP As with their corresponding classes 
of iPs; 

PUPA ojS n-3 ^ Types I-II 
PUPA n'4 —» Types I-IV 
PUPA ud n-S —> Types I-VI 
PUPA wd n-6 Types I-VIII 
PUPA o>6 m3 Types IH-IV 
PUPA a>6 n-4 ^ Types m-VI 
PUPA a)6 n-5 Types m-Vffl 
PUPA (i)6 n-6 Types IH-X 

The classification developed and proposed here has been used in our 
preceding article, "T^e Isoprostanes; A Perspective," at the urging of one 
of the referees; whom we wish to thank for very useful and constructive 
criticism and suggestions. 

Isoprostanes from eicosatrienoic acid. Although so far there is no report 
on the isoprostanes derived from eicosatrienoic acid (C-20 co6, n-3 PUPA) 
85, a precursor of the 1-series prostaglandins, free-radical peroxidation of 
85 will lead to isoprostanes of the 1-series. In the case of eicosatrienoic 
acid C-20 (o6, n-3 PUPA, only two types of iPs will be formed as shown in 
Scheme 19. These two types are similar to Type HI and Type IV of AA. We 
have shown in Scheme 13 one example, 69, which is designated as iPF,„-ni. 


COjH 




C-20 coe, n-3 86 

Eicosatrienoic Acid 


J 

O} 06 


CO^H 




COjH 


<lo9) 


Oxygenation 
at C-tT fcolO) 



OxygenatiDpi 
C-12 (6)9) 


Type in 

OH Ori 


OH 


Type IV 


Scheme 19. Formation of two types of Isoprostanes in C-20 <d 6, n-3 PUFA. 


Isoprostanes from y-linolenic acid. In the case of y-Iinolenic acid, 
which is a C-I8 oi6, n-3 PUFA, the same Classes III and TV are formed 
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except that the iPs are shorter by two carbons. These compounds can be 
designated by using the prefix dinor. For example, in Scheme 20 structure 
90 is designated dinor-iPFi„-IV and 91 is denoted dinor-iPF^^,-^I. Note 
that the latter compound is a major metabolite of 8 -iso-PGF 2 a- 



OH 

dinor-iPFia-IV 90 


Scheme 20, 


OH 



Isoprostanes hoiii linolenic acid. Scheme 21 shows the two expected 
classes of iPs derived from linolenic acid, a C-18 co3, n-3 PUPA. Because 
of the double bond at <.>3, the two classes are of Types I and H. 



Scheme 21, Formation of two types of isoprostanes in C-16 u3, n-3 PUFA. 


Scheme 22 shows two specific examples. As can be noted, the dinor 
prefix is used to signify that these are C-18 iPs. 


OH 



dinoi-iPFio-I 
Scheme 22. 

868 
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Epi vs. Iso 

Isoprostanes in several earlier papers were referred to as opi-prostaglan- 
dins and then iso-ptostaglandins. Although some research groups still use 
the terminology epi-prostaglandins or iso-prostaglandins, isoprostanes is 
now an accepted terminology for the prostanoid products generated by 
non-enzymatic free-radical-induced lipid peroxidation of AA. The epi or 
iso prefixes in our nomenclature should not be confused with epf-pros- 
taglandins or iso-prostaglandins. In order to prevent any confusion about 
the epi/iso system, we chose a numbered epi prefix to signify an inversion 
of the normal configuration of the side chain's hydroxyl group, e.g., 5 
(Scheme 23). A numbered iso prefix denotes inversion of the chirality of 
a side chain with respect to the principal isoprostane in each group. For 
example in 2 , both side chains at 8 - and 12 -positions are inverted with 
respect to the principal isoprostane in that group, i.e., iPF;j^-III. Hence, 2 
is referred to as 8 -iso, 12 -iso-iPF 2 „-III and for simplicity is named 8-,12- 
iso-iPFj^-in. Similarly in 27, the side chain at the 8 -position is inverted 
with respect to the principal isoprostane in that group, iPF 2 n-^j 
hence 27 is referred to as 8 -fso-iPF 2 „-VI. 



IS-epi-iPFj,,-!!! 
Scheme 23. 


pH 

O ' ''=^ COOH 

™ L 2 

8', 12-KO-iPF2„*in 


12-jso-PGF 


2a 



OH 27 


8 -iso-iPF 2 „-VI 


Enantiomerism 

Unlike prostaglandins, isoprostanes are expected to be racemic, i.e., they 
are mixtures of two enantiomers. An antipode refers to a compound in 
which all the chiral centers are inverted. The isoprostanes in the bottom 
panels in Schemes 5-8 are antipodes or enantiomers of the isoprostanes 
in the upper panels. To make Schemes 5-8 clearer, we have kept the same 
number and added a suffix "a." For example compound 5 -epf-iPp 2 p-VI 2da 
(Scheme 8 ) is the enantiomer of compound 8 -, 1 2 -iso-iPF 2 „-VI 26, and the 
compound 8-epi-ll-,15-3so-iPF2^-rV 9a (Scheme 6 ) is the enantiomer of 
iPFa^^ IV 9. One extra option we recommend to the above nomenclature 
could be the use of the prefix ent-, which refers to the antipode of a 
compound. For example the enantiomer of iPFj^-IlI ( 8 -iso-PGF 2 a) 1, 
which we have prepared by total synthesis (3), can be named enf-iPF 2 „-in 
la. The name for this enantiomer according to our nomenclature would 
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be 15-epi-8,12-iso-iPF2p-III la (Scheme 24). Since the use of the prefix ent- 
can be very convenient in some situations, it is proposed as an alterna¬ 
tive. 




OH la 




also 

Scheme 24. 


5 12'-i.so-iPF2p-VI 

also 

enMPFj^-VI 


Docosahexaenoic Acid (DHA) 

DHA is an important C-22 uj 3, n-6 PUFA present in large amounts in the 
brain and also widely distributed in the body. When we attempted to 
classify the isoprostanes expected to be formed from DHA using the 
previous system we had in place, we ran into some difficulties. In this 
case, unlike AA and EPA, the positions of the double bonds counting 
from carboxylic C-1 are different. AA and EPA have a double bond 
between carbons 5 and 6. DHA, however, has a double bond between 
carbons 4 and 5. 


a 4 

/=\/=\/=\/\ 


C02H 


Docosahexaenoic Acid 99 


Scheme 25 shows the eight classes of possible iPs derived from DHA 
and a comparison and correlation of similar classes derived from AA and 
EPA. According to our previous classification (right-hand column) the 
two extra classes of DHA (structures 106 and 107) are out of place. The 
new classification allows a smooth I to VIII numbering and there is no 
problem matching the structures with those derived from AA and EPA. 

We have not yet attempted to name the possible isoprostanes derived 
from docosahexaenoic acid. 


870 
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Classification 
with reterenes 
to QH^arbon 
(new classiflcatJon) 


EPA 


Matched 

structures 

DHA 


Classification 
with reference 
to COOH 
(old ciassiiicatlon) 





Scheme 25. Classification of isoprostano (iP) types. 


Summary 

In this proposed nomenclature, we have named the isoprostanes which 
are free-radical-catalyzcd lipid peroxidation products of PUTA. In this 
proposal, we have used the abbreviations as follows; 

• iP for isoprostanes is preferred. Alternatively an abbreviation Ip or IPr 
can be used. 
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• The letters D, E, F, G, and H qualify the type of cyclopentane ring of an 
isoprostane. 

• The number of double bonds in isoprostanes is indicated by a subscript 
number, 1, 2, 3, or 4. 

• The a or 3 symbols show the stereochemistry of the hydroxyl groups 
on the cyclopentane ring. The prefix a means the two hydroxyl groups 
are projected below the plane of the molecule and the prefix 3 means 
the hydroxyl groups on the cyclopcntane ring are above the plane of the 
ring. 

• Roman numerals I-VI (a>-carbon being the point of reference) refer to 
the six types of isoprostanes derived from EPA (TVI) and four types 
from AA (m-VI). 

• Epi- prefix refers to the inversion of the normal chirality of hydroxyl on 
the side chain (S, in 1, 9, 17, and 25). 

• Iso- prefix refers to the inversion of the chirality of a side chain 
assigned to the basic structures 1, 9, 17, and 25. 

• Ent- prefix refers to the antipode of an isoprostane and can be conve¬ 
niently used in some instances. 

Comments Invited 

We would appreciate receiving any comments or suggestions on this 
proposed nomenclature, and we invite you to submit them to Professor 
Peter Ramwell, the Chief Editor of Prostaglandins, who has agreed to 
collect the responses and may publish a synopsis in a forthcoming issue 
of Prostaglandins. He will also act as coordinator with the eicosanoid 
nomenclature committees. 
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